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INTRODUCTION 


During  efforts  directed  toward  the  synthesis  of  highly  nitrated  diphenylamines, 
desired  as  potential  new  dense  energetic  materials  and  for  structure/property  correla¬ 
tions,  attempted  nitration  of  2-phenylamino-3,5-dinitroaniline  (1)  with  nitric  acid  in 
acetic  acid  at  ambient  temperature  gave  1-phenyl-5,7-dinitrobenzotriazole  (2)  in 
high  yield.  Further,  nitration  of  2  under  progressively  more  vigorous  conditions 
afforded  1 -(4'-nitrophenyl)-,  1 -(2',4'-dinitrophenyl)-,  and  1 -(2,,4\6'-trinitro- 
phenyl)-5,7-dinitrophenylbenzotriazo!e  (1 -picryl-5,7-dinitrobenzotriazole),  (3), 
(4),  and  (5),  respectively  (Reference  1).  This  latter  compound  has  also  been  prepared 
by  nitration  of  1 -(2',4',6'-trinitrophenyl)-benzotriazoie  (1 -picrylbenzotriazole) 
(6)  and  has  found  use  as  a  heat  resistant  initiating  explosive  under  the  name  BTX 
(Reference  2).  This  compound  is  thermally  stable  below  its  melting  point  of  258°C,  has 
a  density  of  1.74  (calculated  1.81  (Reference  3)),  has  a  calculated  velocity  of  detona¬ 
tion  7370  m/s  and  detonation  pressure  of  232  kbar  (Reference  4),  and  has  an  impact 
sensitivity  comparable  with  pentaerythritoltetranitrate  (PETN). 


PiC  =  4>(NC>2)3 


Taking  advantage  of  this  unexpected  synthetic  route  to  benzotriazoles,  the  impact 
sensitivity  of  a  series  of  these  compounds  was  then  examined  using  the  Australian 
version  of  the  Rotter  Impact  Test.  In  this  test  the  sample  is  confined  in  an  anvil/cup 
arrangement.  The  criterion  used  to  determine  explosion  on  impact  is  the  evolution  of 
gas,  and  the  result  is  expressed  as  the  Figure  of  Insensitivity  (F  of  I),  relative  to  a 
standard  sample  of  RDX  to  which  is  assigned  a  value  of  80  (References  1  and  5).  These 
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results,  presented  in  Table  1,  led  us  to  the  conclusion  that  BTX  (5)  owes  its  sensitivity 
to  the  N=N-N-Pic  moiety  rather  than  to  the  other  portion  of  the  molecule.  Thus,  the 
compounds  2  through  5  show  a  steady  increase  in  sensitivity  with  increasing  nitration 
of  the  pendant  phenyl  ring,  parallelling  the  increase  in  oxygen  balance.  The  isomeric 
1 -picryldinitrobenzotriazoles  (7)  and  (8)  show  sensitivities  similar  to  that  of  BTX, 
the  relatively  minor  differences  being  attributable  to  the  degree  of  steric  crowding  in 
the  molecule.  However,  1-picrylbenzotriazole  (6)  also  shows  a  similar  impact 
sensitivity  (indeed  it  appears  to  be  slightly  more  sensitive  than  BTX).  This  value  may 
be  compared  with  that  for  the  isomeric  1-(4'-nitrophenyl)-5,7-dinitrobenzotriazole 
(3),  and  it  becomes  apparent  that  the  impact  sensitivity  of  these  compounds  does  not 
simply  parallel  the  oxygen  balance  of  the  whole  molecule,  but  is  associated  with  the 
picryltriazole  segment  (Reference  1). 


N02 
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TABLE  1.  Impact  Sensitivity  of  Benzotriazoles 
and  Benzimidazoles. 


Impact  sensitivity 

Explosive 

■HUH 

Bureau  of 
Mines,  cm 

2 

>200 

3 

150 

.  ,  . 

4 

1  20 

.  .  . 

5 

30 

27,  35a 

6 

20-40b 

1  1 

7 

60 

40a 

8 

40b 

35a 

9 

.  .  . 

1  58 

a  Results  from  Reference  2. 
b  Restricted  quantity  of  sample. 


In  order  to  confirm  the  hypothesis  that  the  N=N-N-Pic  moiety-and  the  whole 
N=N-N-Pic  moiety  rather  than  simply  the  N-Pic  functionality-provides  the  "trigger 
linkage"  (Reference  6)  for  initiation  on  impact,  it  was  determined  to  prepare  and  test 
various  1  -(2',4',6',-trinitrophenyl)benzimidazoles  (1 -picryl-benzimidazoles)  and 
examine  their  impact  sensitivities.  If  this  structure/sensitivity  relationship  holds 
correct  and  if  other  properties  prove  to  be  attractive,  this  class  of  compounds  may  also 
provide  a  new  source  of  insensitive  explosives. 
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RESULTS  AND  DISCUSSION 


1-(2\4‘,6'-Trinitrophenyl)benzimidazole  (9)  was  prepared  both  by  reaction 
of  picryl  chloride  with  benzimidazole  and  by  condensation  of  picryl  chloride  with 
o-phenylenediamine  followed  by  cyclization  with  formic  acid  or  trimethylorthoformate. 
The  impact  sensitivity  of  9  was  measured  using  a  Bureau  of  Mines  machine,  the  Type  12 
tool,  and  a  2.5  kg  drop  weight.  This  result,  together  with  those  obtained  on  the  B  of  M 
machine  for  the  benzotriazoles,  is  also  presented  in  Table  1.  It  may  be  seen  that  the 
1 -picrylbenzimidazole  (9)  has  a  sensitivity  of  158  cm,  which  may  be  compared  with  a 
value  of  11  cm  for  1-picrylbenzotriazole  (6).  This  clearly  supports  the  hypothesis 
that  the  whole  N=N-N-Pic  moiety  comprises  the  trigger  linkage. 


N  Pic 


9 

These  results  made  efforts  to  synthesize  1-picryldinitrobenzimidazoles  seem 
attractive,  since  such  compounds  are  likely  to  be  very  insensitive  explosives.  A  rather 
naive  attempt  was  made  to  protect  the  amine  function(s)  in  1  by  acylation  prior  to  the 
nitration  process.  However,  reaction  of  1  with  acetic  anhydride  in  acetic  acid  gave 
1  -phenyl-2-methyl-5,7-dinitrobenzimidazole  (11b),  while  reaction  with  formic 
acid  or  trimethylorthoformate  gave  1 -phenyl-5, 7-dinitrobenzimidazole  (lia). 
Reaction  of  1  with  trifluoroacetic  anhydride  indeed  gave  the  desired  amide  (10c),  but 
treatment  with  either  formic  or  sulfuric  acid  resulted  in  dehydration  to  give  1-phenyl- 
2-trifluoromethyl-5,7-dinitrobenzimidazoie  (11c).  We  assume  that  the  amides 
(10a)  and  (10b)  were  also  formed  initially,  but  that  dehydration  and  cyclization  to  the 
corresponding  benzimidazoles  occurred  under  the  conditions  of  reaction. 


a  R  =  H;b  R  =  CH3;  c  R  =  CF3 


However,  efforts  at  nitration  of  the  phenyl  substituent  provided  another  sur¬ 
prise.  Benzimidazole  is  a  slightly  weaker  acid  (pKa  12.3;  pKb  5.53)  than  benzotriazclc 
(pKa  8.57;  pKb  1.6  (Reference  7)),  suggesting  that  the  benzimidazoyl  functionality  is 
somewhat  less  electronegative.  Expectations  that  nitration  of  11a  and  b  should  be,  if 
anything,  easier  than  nitration  of  the  benzotriazole  analogue  (2)  proved  to  be  false. 
Nitration  of  2  using  70%  nitric  acid  heated  under  reflux  gave  the  mononitro  compound 
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(3),  whereas  the  corresponding  (12a)  required  nitration  of  11a  in  100%  nitric  acid 
and  96%  sulfuric  acid  heated  under  reflux.  More  forcing  conditions  led  simply  to 
extensive  decomposition  and  no  reaction  product  was  isolable.  Nitration  of  the  2-methyl 
compound  (11b)  gave  exactly  analogous  results. 


1  1 


a  R  =  H;  b  R  =  CH3 


Since  5  can  also  be  prepared  by  nitration  of  the  benzotriazole  portion  of  6 
(Reference  2),  efforts  were  next  directed  towards  nitration  of  1-picrylbenzimidazoie 
(9).  Nitration  of  9  occurred  in  a  mixture  of  100%  nitric  acid  and  96%  sulfuric  acid 
under  reflux.  However,  the  product  was  not  the  expected  1-picryl-5,7-dinitrobenz- 
imidazole  (13),  but  rather  the  5,6-dinitro  compound  (14a),  showing  again  the  dif¬ 
ferent  behavior  of  benzimidazoles  to  electrophilic  substitution.  Further,  14a  proved  to 
be  hydrolytically  unstable,  decomposing  to  the  amine  (15)  under  the  conditions  of 
workup.  The  structure  of  15  was  confirmed  by  treatment  with  nitrous  acid  to  give 
1-picryl-5,6-dinitrobenzotriazole  (8)  (Reference  1)  and  by  reaction  with  acetic 
anhydride  in  acetic  acid  to  give  the  stable  1-picryl-2-methyl-5,6-dinitrobenz- 
imidazole  (14b).  Reaction  of  15  with  trimethylorthoformate  regenerated  14a,  but 
this  product  could  not  be  rendered  free  of  the  amine  either  by  recrystallization  or  by 
chromatography.  No  effort  was  made  to  examine  the  explosive  properties  of  this 
material. 
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Having  failed  in  two  potential  routes  to  picryldinitrobenzimidazoles,  a  third 
approach  presented  itself,  namely  cyclization  of  a  preformed  W-picryl-dinitro-o- 
phenylenediamine  to  generate  the  benzimidazole  unit.  4,6-Dinitrobenzofuroxan  (16) 
may  be  reduced  with  hydroiodic  acid  to  generate  3,5-dinitro-1 ,2-diaminobenzene  (17) 
(Reference  8),  which  was  condensed  with  picryl  chloride  to  yield  2-amino- 
2’,3,4,,5,6'-pentanitrodiphenylamine  (18)  (Reference  2).  However,  this  material 
proved  impervious  to  reaction  with  trimethylorthoformate,  formic  acid,  or  acetic 
anhydride  in  acetic  acid,  and  formation  of  the  benzimidazoles  was  unsuccessful. 


Yet  another  approach  was  to  couple  a  preformed  dinitrobenzimidazole  with  a 
picryl  halide.  3, 5-Dinitro-1 ,2-diaminobenzene  (17)  reacts  with  formic  acid  under 
reflux  to  give  4,6-  or  5,7-dinitrobenzimidazole  (19a),  while  reaction  with  acetic 
anhydride  in  acetic  acid  gave  the  corresponding  2-methyl  compound  (19b).  Note  that 
the  position  of  the  imidazole  proton  could  not  be  determined  unequivocally. 


1  9 


a  R  =  H;  b  R  =  CH3 


The  dinitrobenzimidazoles  (19a  and  b)  were  easily  methylated  by  formation  of 
the  sodium  salt  (by  treatment  with  sodium  hydride)  followed  by  treatment  with  methyl 
iodide.  In  each  case  two  positional  isomers  are  possible,  but  only  one  product  was 
detected.  The  product  from  19a  was  identified  as  20a  on  the  basis  of  ^-nuclear 
magnetic  resonance  (NMR)  experiments,  and  the  product  from  19b  was  identified  as 
20b  by  analogy  and  by  spectral  comparison.  In  particular,  nuclear  Overhauser 
experiments  (n.O.e.)  showed  a  comparable  enhancement  between  the  methyl  group  and 
both  the  imidazole  proton  and  one  of  the  protons  (that  resonating  at  lower  field)  on  the 
benzo-fused  ring,  but  not  with  that  resonating  at  higher  field.  This  result  indicates  that 
the  two  protons  are  at  a  very  similar  distance  from  those  on  the  mp’^y!  group-and  the 
downfield  proton  clearly  has  to  be  in  the  7-position.  This  conclusion  identifies  19a  as 
the  reaction  product  and  also  allows  positive  assignment  of  the  ^-NMR  spectrum  as 
shown  in  Table  2.  It  should  be  noted  that  20a  and  b  are,  of  course,  the  products  expected 
to  be  favoured  on  steric  grounds  from  the  methylation  of  the  intermediate  sodium  salts. 
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a  R  =  H;  b  R  =  CH3 

TABLE  2.  1H-Chemical  Shifts  of  Benzimidazoles. 


Compound 

h7 

H5 

h2 

R  3',  5' 

2-CH3 

I-CH3 

19a 

8.957 

8.673 

20a 

8.942  | 

J5,7  = 

1  8.844 

2.07  Hz 

8.669 

4.208 

J  =  0.38Hz 

21a 

8.996 

J5.7  =  : 

8.559 
2.05  Hz 

8.981 

9.512 

1  9b 

8.867 
J5.7  » 

8.753 
2.02  Hz 

2.727 

20b 

8.7 

91 

.  .  . 

.  .  . 

2.754 

4.073 

21  b 

8.927 
J5.7  = 

!  8.666 
2.08  Hz 

9.551 

2.663 

The  dinitrobenzimidazole  (19a)  was  found  to  react  with  picryi  fluoride  or 
picryl  chloride  in  either  dimethylformamide  (DMF)  or  dimethylsulfoxide  (DMSO) 
solution  at  ambient  temperature.  The  reaction  product  (also  formed  by  reaction  of 
picryl  fluoride  with  the  sodium  salt  of  19a)  is  clearly  a  picryldinitrobenzimidazole,  as 
evidenced  by  the  infrared  (IR),  NMR,  and  mass  spectra.  However,  it  could  reasonably  be 
either  of  the  positional  isomers  (13a)  or  (21a),  although  the  latter  would  certainly 
appear  to  be  more  probable  on  both  steric  and  electronic  grounds,  particularly  in  light 
of  the  results  of  methylation  experiments  described  above.  The  methyldinitro- 
benzimidazole  (19b)  reacted  with  picryl  fluoride  in  DMF  at  room  temperature  to  give 
an  analogous  product. 
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The  structures  of  the  reaction  products  were  ultimately  assigned  as  21a  andb  on 
the  basis  of  NMR  spectral  evidence  (variable  temperature,  n.O.e.,  and  13C  and  1  H 
coupling  experiments),  analogy  with  the  products  of  N-methylation  of  the  dinitrobenz- 
imidazoles,  and  X-ray  crystallography.  The  1H-NMR  spectra  of  19a  and  b,  20a  and  b 
and  21a  and  b  in  d6-acetone  solution  are  presented  in  Table  2.  The  remarkable  consis¬ 
tency  of  chemical  shifts  and  coupling  constants  is  clearly  indicative  of  close  structural 
similarity  (Note  that  the  spectra  of  dg-DMSO  solutions  show  parallel  similarities.) 
Since  the  structure  of  20a  has  already  been  established  by  n.O.e.  difference  experi¬ 
ments,  the  structures  of  the  other  compounds  are  suggested  by  analogy.  This  proposal  is 
supported  by  the  similarities  in  the  13C-NMR  spectra  of  these  compounds  shown  in 
Table  3,  and  by  13C  and  coupling  experiments  which  assisted  in  assignment  of  chemi¬ 
cal  shifts. 


TABLE  3.  13C  Chemical  Shifts  of  Benzimidazoles. 


Chemical 

shift 

_ C_QJ 

m  do  u  n  d _ 

20a 

21  a 

20b 

2  1  b 

C2 

153.21 

1 51 .55 

160.05 

161.39 

c4 

1 39.94 

139.88 

1  39.60 

137.69 

c5 

1  13.43 

1  13.81 

1  12.21 

1  12.67 

c6 

1  42.81 

144.72 

141.91 

142.42 

C7 

1  14.64 

1  16.39 

1  14.42 

1  15.50 

Cia 

138.30 

138.53 

137.69 

136.91 

C3a 

141  .47 

141.13 

140.91 

139.87 

Cpt 

.  .  . 

127.65 

125.03 

CP2,6 

.  .  . 

149.42 

,  .  , 

1  47.68 

CP3,5 

126.33 

.  .  . 

1  26.02 

Cp4 

149.96 

148.93 

2-CH3 

.  .  . 

.  .  . 

14.28 

14.10 

I-CH3 

32.44 

.  .  . 

31 .41 

During  investigation  of  the  ^-NMR  spectrum  of  21b  in  d6-DMSO,  the  spectrum 
changed  with  changing  temperature.  In  particular,  the  AB  quartet  for  the  aromatic 
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protons  5  and  7  collapsed  to  a  singlet.  On  closer  examination  we  found  that  the  low  field 
signal  attributed  to  H7  moved  upfield  at  the  rate  of  about  1.00x1  O'3  ppm/°C, 
compared  with  upfield  movement  of  the  proton  5  and  the  picryl  protons  of  0.15  and 
0.49  x  IO-3  ppm/°C,  respectively.  Examination  of  the  ^-NMR  spectrum  of  21a  at 
varying  temperatures  showed  a  similar  phenomenon,  with  H7  decreasing  at  0.92  x 

1 0-3  ppm/°C,  while  H5,  H2,  and  the  picryl  protons  decreased  at  only  0.15,  0.54  and 
0.39  x  10-3  ppm/°C,  respectively.  Initially,  it  was  thought  that  this  more  rapid 
upfield  shift  might  be  due  to  the  influence  of  the  picryl  group  and  its  easier  rotation  at 

higher  temperatures,  but  20a  was  found  to  behave  in  the  same  fashion,  H7  moving 

upfield  at  0.68  x  1 0"3  ppm/°C,  compared  with  values  of  0.19  and  0.47  x  icr3 
ppm/°C  for  H5  and  H2.  However,  whatever  the  reason  for  this  behavior,  the  similari¬ 
ties  between  the  three  compounds  again  point  to  the  probability  of  very  similar  struc¬ 
tures.  This  dependence  of  chemical  shift  on  temperature  is  illustrated  in  Figure  1. 

Final  NMR  evidence  for  the  structure  of  the  benzimidazoles  came  from  a  n.O.e. 
experiment  on  21a,  which  showed  a  positive  n.O.e.  between  the  picryl  protons  and  both 
H2  and  H7,  but  n£i  H5.  Once  again  this  result  is  consistent  with  the  structure  2ia  but 
not  13a. 

Crystals  of  21a  suitable  for  single  crystal  X-ray  structure  determination  could 

not  be  prepared.  On  the  other  hand,  the  methyl  derivative  21b  proved  much  more 

amenable  to  crystallization  in  a  suitable  form.  Recrystallization  from  ethanol/acetone 
gave  two  strikingly  different  crystalline  forms,  in  approximately  equal  amounts,  which 
were  separated  by  hand.  Form  i  appeared  as  orange-brown  colored,  triangular-shaped 
tabular  platelets;  form  II  occurred  as  cream-yellow  six-sided  rods.  All  spectroscopic 
evidence  indicated  that  the  molecular  species  was  the  same  in  each  form,  thus  suggesting 
the  possibility  of  polymorphism. 

Single  crystal  X-ray  structures  were  determined  on  each  form,  confirming  in 
each  case  the  atomic  connectivity  of  21b.  The  structure  of  form  I  is  illustrated  in 
Figure  2,  which  also  shows  the  atom  numbering  used  for  both  forms.  Note  that  the 
structure  is  labelled  according  to  crystallographic  convention  rather  than  International 
Union  of  Pure  and  Applied  Chemistry  (IUPAC)  rules,  and  that  this  numbering  system  is 
used  throughout  the  following  discussion  of  single  crystal  X-ray  structure  results.  Bond 
lengths  and  bond  angles  for  forms  I  and  II  are  listed  in  Tables  4  and  5,  respectively. 
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FIGURE  2.  Crystal  Structure  of  21b,  Form  I,  Plotted  with  50% 
Probability  Thermal  Ellipsoids  and  Spheres. 


1  2 


NWC  TP  7008 


TABLE  4.  Bond  Lengths,  A,  and  Bond  Angles,  deg,  for  21b,  Form  I. 


Bond 

Length,  A 

Bond 

Length,  A 

C ( 1 ) -C (2) 

1 .400(5) 

C(1  )-C(6) 

1 .391(4) 

C  ( 1 ) -N ( 1 ) 

1 .392(4) 

C(2)-C(3) 

1  .396(4) 

C(2)-N(2) 

1 .386(4) 

C (3) -C (4) 

1 .383(5) 

C  (3)  -N  (4) 

1  .456(5) 

C (4) -C (5) 

1  .380(5) 

C(5)-C(6) 

1  .376(4) 

C  (5) - N  (3) 

1  .462(4) 

C(7)-C(8) 

1  .494(5) 

C (7 ) -N ( 1 ) 

1  .370(4) 

0 (7) -N (2) 

1  .310(4) 

C(9)-C(1  0) 

1  .382(4) 

C(9)-C(1  4) 

1  .390(4) 

C(9)-N(1) 

1  .424(4) 

C(10)-C(11) 

1  .383(5) 

C(1  0)-N(5) 

1  .474(4) 

C(1  1  )-C(  1  2) 

1  .378(4) 

C(1  2 )  -  C  ( 1  3) 

1  .385(4) 

C(1  2)-N(6) 

1  .467(5) 

C(1  3)-C(1  4) 

1  .361(5) 

C  ( 1  4 )  -  N  ( 7) 

1  .492(4) 

N(3)-0(1) 

1  .222(5) 

N(3)-0(2) 

1 .21 7(4) 

N(4)-0(3) 

1  .226(4) 

N(4)-0(4) 

1  .226(4) 

N(5)-0(5) 

1 .21 9(4) 

N(5)-0(6) 

1  .1  95(4) 

N(6)-0(7) 

1  .226(4) 

N(6)-0(8) 

N  (7)  -0(  1  0) 

1  .223(4) 

1  .1  93(5) 

N(7)-0(9) 

1  .209(4) 

Bond  angle _ 

C(2)-C(1 )  -  C  ( 6 ) 
C(6)-C(1)-N(1) 

C ( 1 )  -C  (2 )  -  N (2) 
C(2)-C(3)-C(4) 

C (4) -C (3 ) - N (4) 
C(4)-C(5)-C(6) 
C(6)-C(5)-N(3) 
C(8)-C(7)-N(  1 ) 

N  ( 1  )*C(7)'N{2) 
C(10)-C(9)-N(1) 

C (9) -C( 1 0) -C ( 1  1) 

C  ( 1  1)-C(10)-N(5) 
C(1  1  )-C(1  2)-C(1  3) 
C(1  3)-C(1  2)-N(6) 
C(9)-C(1  4 )  -  C  ( 1  3) 
C(1  3 )  -  C  ( 1  4)-N{7) 
C(1  )-N(1  )-C(9) 
C(2)-N(2)-C(7) 
C(5)-N(3)-0(2) 
C(3)-N(4)-0(3) 
0(3)-N(4)-0(4) 

C(1  0)-N(5)-O(6) 

C  ( 1  2)  -N  (6)  -  0(7) 
0(7)-N(6)-0(8) 

C  ( 1  4)  -  N(7)  -  0(  1  0) 


Angle,  deg 


Bond  angle 


124.8(3) 
130.4(3) 
1  10.2(3) 
1  1  9.6(3) 
1  1  7.9(3) 
124.2(3) 
1  1  8.3(3) 
121 .7(3) 
1  1  2.9(3) 
120.7(2) 
123.5(3) 
1  1  7.4(2) 
122.5(3) 
117.8(3) 
122.7(3) 
1  16.3(3) 
124.3(3) 
105.3(3) 

I  1  8.4(3) 

I I  7.9(3) 
123.3(3) 
1  17.4(3) 
1  1  7.8(3) 
124.6(3) 
1 1 8.4(3) 


C(2)-C(1 ) - N  ( 1 ) 

C  ( 1  )-C(2)-C(3) 
C(3)-C(2)-N(2) 
C(2)-C(3)-N(4) 
C(3)-C(4)-C(5) 
C(4)-C(5)-N(3) 

C(1  )-C(6)-C(5) 

C  ( 8)  -  C  ( 7)  -  N  (2) 

C(1  0)-C(9)-C(1  4) 
C(14)-C(9)-N(1) 

C  ( 9)  -  C  ( 1  0)  -  N  (5) 

C  ( 1  0)-C(1 1  )-C(1  2) 
C(  1  1  )-C(  1  2)-N  (6) 
C(12)-C(13)-C(14) 
C  ( 9)-C  ( 1  4)  -  N  (7) 

C(  1 )  -  N  ( 1  )-C(7) 

C (7) - N( 1 ) -C (9 ) 
C(5)-N(3)-0(  1 ) 

0(1  )-N(3)-0(2) 
C(3)-N(4)-0(4) 
C(10)-N(5)-O(5) 
0(5)-N(5)-0(6) 

C  ( 1  2)  -N(6)  -0(8 ) 

C  ( 1  4)  -  N  (7)  -  0(9) 
0(9)-N(7)-0(1  0) 


Angle,  deg 

104.7(3) 
1  17.4(3) 
132.3(3) 
122.5(3) 
1  1  9.7(3) 
1  1  7.5(3) 
1  14.2(3) 
125.3(3) 
1  16.4(3) 
1  22.9(2) 
1  1 9.0(3) 
1  1 6.6(3) 
1  19.6(3) 
1  18.1(3) 
121  .0(3) 
1  06.8(3) 
1  27.6(2) 
1  1  7.9(3) 
123.7(3) 
1  18.8(3) 
1  16.3(3) 
1  26.3(3) 
1  1  7.6(3) 
1  17.0(3) 
124.5(3) 
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TABLE  5.  Bond  Lengths,  A,  and  Bond  Angles,  deg,  for  21b,  Form  II. 


Bond 

■mm 

Bond 

Length,  A 

C  ( 1  )-C(2) 

1  .403(5) 

C(1)-C(6) 

1 .381  (5) 

C  ( 1 ) -N ( 1 ) 

1 .387(5) 

C(2)-C(3) 

1 .406(5) 

C(2)-N(2) 

1  .374(5) 

C(3)-C(4) 

1  .376(6) 

C(3)-N(4) 

1  .452(5) 

C (4) -C (5) 

1 .379(5) 

C(5)-C(6) 

1  .378(5) 

C (5) -N (3) 

1  .467(5) 

C(7)-C(8) 

1  .484(6) 

C(7)-N(1) 

1  .375(5) 

C(7)-N(2) 

1.310(4) 

C(9)-C(1  0) 

1  .404(4) 

C(9)-C(1  4) 

1  .385(5) 

C (9 ) -N ( 1 ) 

1  .421(4) 

C(10)-C(1  1) 

1  .379(5) 

C(10)-N(5) 

1  .479(5) 

C  ( 1  1  )-C(1  2) 

1  .368(5) 

C  ( 1  2)-C(  1  3) 

1  .361  (5) 

C  ( 1  2 )  -  N  (6 ) 

1  .473(5) 

C  ( 1  3)-C(  1  4) 

1  .382(5) 

C( 1 4) -N (7) 

1  .470(4) 

N(3)-0(1) 

1 .21  7(5) 

N(3)-0(2) 

1  .223(5) 

N(4)-0(3) 

1  .205(5) 

N(4)-0(4) 

1  .1  87(7) 

N(5)-0(5) 

1  .192(4) 

N(5)-0(6) 

1  .209(5) 

N(6)-0(7) 

1  .207(4) 

N(6)-0(8) 

1  .209(5) 

N(7)-0(9) 

1 .175(5) 

N(7)  -0( 1 0) 

1  .1  80(5) 

Bond  angle 


Angle,  deg 


Bond  angle 


Angle,  deg 


C(2)-C(1  )-C(6) 

C  (6)  -  C  ( 1  )-N(1) 

C(  1  )-C(2)-N(2) 
C(2)-C(3)-C(4) 
C(4)-C(3)-N(4) 
C(4)-C(5)-C(6) 
C(6)-C(5)-N(3) 

C  (8)  -C  (7)  -  N  ( 1 ) 
N(1)-C(7)-N(2) 

C ( 1 0) -C(9) -N ( 1 ) 
C(9)-C(1  0 )  -  C  ( 1  1 ) 
C(1  1)-C(10)-N(5) 
C(1  1  )-C(  1  2)-C  ( 1  3) 
C(1  3)-C(1  2)-N(6) 
C(9)-C(1  4 )  -  C  ( 1  3) 

C  ( 1  3 )  -  C  ( 1  4)-N(7) 

C(1)-N(1)-C(9) 

C(2)-N(2)-C{7) 

C(5)-N(3)-0(2) 

C{3)-N(4)-0(3) 

0(3)-N(4)-0(4) 

C  ( 1  0)-N  (5)-0(6) 

C{  1  2)-N(6)-0{7) 
0(7)-N(6)-0(8) 

C  (1  4)  -N(7)-Q(  1  0) 


124.5(3) 
131 .1(3) 
1  1  0.8(3) 
120.4(3) 

I  18.1(3) 
123.7(4) 

I I  8.0(3) 
122.2(3) 
1 1  2.6(3) 
121.9(3) 
121  .5(3) 
1 1  6.9(3) 
123.2(3) 

I  1  8.2(3) 
123.0(3) 
1 15.6(3) 
125.1  (3) 
105.4(3) 

I I  7.6(4) 
1 1  9.3(4) 
122.2(4) 
116.1(3) 
1  1  8.2(3) 
123.8(3) 
1 1 8.4(4) 


C(2)-C(  1  )-N(1 ) 

C  ( 1  )-C(2)-C(3) 
C(3)-C(2)-N(2) 
C(2)-C(3)-N(4) 
C(3)-C(4)-C(5) 
C(4)-C(5)-N(3) 

C(  1  )-C(6)-C(5) 
C(8)-C(7)-N(2) 

C(1  0)-C(9)-C(14) 
C(14)-C(9)-N(1) 
C(9)-C(1  0)-N(5) 
C(1  0)-C(1 1  )-C(1  2) 
C(1  1)-C(12)-N(6) 
C{  1  2)-C(1  3)-C(  1  4) 
C(9)-C(14)-N(7) 

C(  1  )-N(1  )-C(7) 
C(7)-N(  1  )-C(9) 
C(5)-N(3)-0(1) 

0(1  )-N(3)*0(2) 
C(3)-N(4)-0(4) 

C(1  0)-N(5)-O(5) 
0(5)-N(5)-0(6) 

C( 1 2) -N(6)  -0(8) 
C(14)-N(7)-0(9) 
0(9) - N(7)  -Q( 1 0) 


1  04.3(3) 
1  16.7(3) 
132.5(3) 
121.6(3) 
1  1 9.5(3) 
1  1 8.3(3) 
1  15.2(3) 
1  25.2(3) 
1  1 6.6(3) 
121  .5(3) 
121  .6(3) 
1  1 8.3(3) 
1  1 8.5(3) 
1  1  7.3(3) 
121  .5(3) 
107.0(3) 
127.5(3) 
1  1  8.1 (4) 
1  24.4(4) 
1  18.4(3) 
1 20.5(3) 
1  23.4(3) 
1  17.9(3) 
1  18.4(3) 
123.1(4) 
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The  structures  of  forms  I  and  II  show  no  unusual  or  unexpected  features. 
Furthermore,  the  two  forms  exhibit  much  similarity,  while  such  differences  as  there 
are  are  relatively  minor.  These  differences  and  similarities  may  be  seen  in  Figure  3  in 
which  the  two  structures  are  overlaid.  In  form  I  the  benzimidazole  system  is  planar;  in 
form  II  the  imidazole  ring  deviates  from  the  plane  of  the  aromatic  ring,  but  only  by  an 
angle  of  3.1  deg.  The  corresponding  benzimidazole  bond  lengths  and  bnnd  angles  are 
essentially  the  same  in  the  two  forms  and  agree  well  with  the  expected  parameters.  The 
nitro  group  0(3)-N(4)-0{4)  (i.e.,  that  in  the  4-position)  deviates  from  the  plane  of 
the  aromatic  ring  by  only  2.7  and  2.6  deg;  the  0(1)-N(3)-0(2)  group  (at  the  6- 
position)  deviates  by  11.7  and  12.2  deg,  in  order  to  relieve  steric  crowding  by  the 
nearby  picryl  group.  As  expected,  the  picryl  group  is  far  from  the  plane  of  the  benz¬ 
imidazole.  In  form  I  the  plane  of  the  picryl  group  is  72.9  deg  from  that  of  the  benz¬ 
imidazole  system;  in  form  II  the  angle  between  the  planes  is  87.7  deg.  On  the  other  hand 
the  N(1)-C(9)  bond  is  further  from  the  plane  of  the  benzimidazole  in  form  I;  in  other 
words  N(1)  is  more  pyramidal  in  form  I  and  more  trigonal  in  form  II.  Apparently, 
there  is  also  some  minor  variation  in  bond  lengths  in  the  picryl  ring  in  forms  I  and  II; 
however,  this  may  well  be  attributable  to  the  fact  that  C(12)  was  refined  anisotropi- 
cally  in  form  I.  Finally,  there  is  also  some  variation  in  the  angle  of  rotation  of  the  nitro 
groups  in  the  two  forms  (Table  6)  and  in  the  C-N  and  N-0  bond  lengths.  As  was  found  in 
earlier  work  (Reference  9),  no  apparent  correlation  between  the  bond  lengths  and  the 
angle  of  rotation  of  the  nitro-groups  exists. 


I 


FIGURE  3.  Comparison  of  the  Two  Forms  of  21b.  Solid  line  is  Form  I; 
dotted  line  is  form  II. 
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TABLE  6.  Conformational  Differences  Between  Form  I  (Tabular) 
and  Form  II  (Rods)  of  21b. 


Anqle 

Form  1,  tabular,  deq 

Form  II,  rod,  deq 

0(1)-N(3)-0(2)  Rotation 

11.7 

12.2 

0(3)-N(4)-0(4)  Rotation 

2.7 

2.6 

Picryl  ring  rotation  to 
benzimidazole  plane 

72.9 

87.7 

0(5)-N(5)-0(6)  Rotation 

63.5 

12.6 

0(7)-N(6)-0(8)  Rotation 

8.8 

18.2 

O(9)-N(7)-O(10)  Rotation 

26.5 

28.7 

The  packing  plots  for  forms  I  and  II  of  21  b  are  shown  in  Figures  4  and  5.  How¬ 
ever  neither  these  plots  nor  the  short  intermolecular  van  der  Waals  contacts 

fully  explains  the  nitro-group  rotation,  picryl-group  orientation,  or  consequent  density 
variation  between  the  two  forms.  Potential  energy  minimization  calculations  might 
clarify  the  important  factors. 


FIGURE  4.  Stereo  Packing  Plot  of  Tabular  Crystals,  Form  I  of  21b. 
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FIGURE  5.  Stereo  Packing  Plot  of  Rod  Crystals,  Form  II  of  21b. 


The  impact  sensitivity  of  1-picryl-4,6-dinitrobenzimidazole  (21a)  was 
measured  using  the  Bureau  of  Mines  machine  with  the  2.5  kg  drop  weight  and  was  found 
to  be  91  cm.  This  is  about  three  times  the  drop  height  for  the  picrylbenzotriazoles  and 
confirms  the  hypothesis  that  the  Pic-N-N-N  moiety  contains  the  trigger-linkage  for 
impact  initiation  of  these  explosives.  It  is  interesting  to  note  that  the  impact  sensitivity 
of  picryl  azide  is  about  8  cm,  and  some  speculation  regarding  the  initial  reaction  during 
impact  initiation  seems  warranted.  One  possibility  is  initial  cleavage  of  the  triazoie  to 
give  picryl  azide  and  a  dinitrobenzyne  equivalent  (Pathway  A).  Further  decomposition 
of  these  species  would  afford  propagation  of  the  explosive  reaction.  This  pathway  would 
not  be  available  to  the  picryibenzimidazoles  and  may  account  for  their  greater  stability. 
An  alternative  explanation  might  be  cleavage  of  the  triazole  with  the  elimination  of 
nitrogen  to  leave  a  diradical  species  which  would  propagate  further  reaction  (Pathway 
B).  Once  again  this  mode  of  decomposition  would  not  be  available  to  the  picrylbenz- 
imidazoles,  since  hydrogen  cyanide  would  not  be  such  a  favorable  leaving  species. 
Further,  the  picryl  group  would  ease  such  an  elimination  and  would  certainly  stabilize 
the  resultant  radical  species.  Such  stabilization  may  also  explain  the  steady  increase  in 
the  impact  sensitivity  of  the  benzotriazoles  with  increasing  nitro-substitution  on  the 
pendant  phenyl  ring  (Reference  1).  (It  might  be  hoped  that  some  clue  to  the  nature  of 
the  initial  reaction  might  be  gained  by  analogy  with  the  mass  spectra  of  the  benzotria¬ 
zoles  and  benzimidazoles.  Unfortunately,  however,  no  evidence  for  either  nitrogen  or 
picryl  azide  elimination  could  be  discerned  under  electron  impact.  While  the  parent  ion 
was  detected  in  each  case,  albeit  at  a  relatively  low  intensity,  massive  fragmentation  was 
evident  and  the  most  prominent  peaks  were  ail  at  low  mass  numbers). 
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These  results  are  quite  satisfying  in  that  they  confirm  our  initial  hypothesis 
regarding  the  initiation  of  the  benzotriazoles  on  impact,  and  they  give  some  indications  of 
the  initial  reaction  during  the  initiation  process.  However,  the  benzimidazoles  prepared 
in  this  study  show  quite  unexceptional  explosive  properties.  They  are  quite  insensitive 
to  impact  initiation,  and  21a  and  b  appear  to  be  thermally  stable  below  330  and  280°C, 
respectively.  On  the  other  hand,  the  densities  are, rather  low,  as  might  be  expected  with 
the  benzimidazole  and  picryl  moieties  being  almost  orthogonal.  The  tabular  and  rod 
forms  of  the  methyl  derivative  (21b)  have  densities  of  1.658  and  1.712,  respectively, 
compared  with  a  calculated  value  of  1.704  (Reference  3);  the  density  of  2ia  was 
measured  by  gas  pycnometry  as  1.708,  compared  with  a  calculated  density  of  1.738 
(Reference  3).  (This  latter  apparent  discrepancy  may  be  due  to  the  small  and  ill- 
defined  crystalline  form  of  21a,  and  the  actual  crystal  density  may  be  higher.) 
Furthermore  21a  and  21b  are  predicted  to  have  the  uninspiring  detonation  velocities  of 
6937  and  6655  m/s  and  detonation  pressures  of  191  and  165  kbar  respectively 
(Reference  4).  The  question  then  arises,  how  can  the  explosive  properties  of  these 
benzimidazoles  be  enhanced?  Substitution  with  the  trifluoromethyl  group  in  21  c  would 
increase  the  density  and  the  oxygen  balance,  thereby  improving  the  detonation  parame¬ 
ters.  The  potential  precursor  (19c)  has  been  prepared,  but  coupling  with  picryl 
fluoride  was  unsuccessful.  Further  nitration  as  in  22  should  also  increase  oxygen 
balance,  but  a  suitable  reaction  pathway  has  not  been  devised.  Substitution  with  a  second 
picryl  group  as  in  23  is  a  possibility  but,  while  thermal  stability  might  be  further 
enhanced,  improvement  of  detonation  parameters  is  likely  to  be  minimal. 
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If,  however,  this  result  may  be  extrapolated  into  different  ring  systems,  it  may 
provide  a  strategem  for  designing  powerful  but  insensitive  heterocyclic  explosives, 
simply  by  avoiding  the  Pic-N-N=N  functionality.  There  appears  to  be  some  support  for 
this  suggestion  in  the  work  of  Neuman,  who  prepared  several  isomeric  pairs  of  1-  and 
2-picryl-1 ,2,3-triazoles,  and  found  in  each  case  that  the  1-picryl  isomer  was 
sensitive  to  impact  initiation  while  the  2-picryl  isomer  was  insensitive  (Reference 
10).  This  result  has  been  rationalized  by  invoking  a  mechanism  similar  to  Pathway  B  to 
account  for  the  initiation  of  the  1  -picryl-1 ,2,3-triazoles  (Reference  1 1).  A  logical 
extension  of  this  work  is  then  the  synthesis  and  evaluation  of  such  materials  as 
1  -picryl-3,5-dinitro- 1 ,2,4-triazole  (24)  and  1  -picryl-2,4,5-trinitroimidazole 
(25),  which  will  be  the  subject  of  a  future  report. 


EXPERIMENTAL  SECTION 


Melting  points  were  determined  in  capillary  tubes  using  a  Buchi  510  melting 
point  apparatus.  More  detailed  thermal  behavior  was  determined  using  a  DuPont  1090 
Thermal  Analyzer.  Infrared  spectra  were  determined  in  KBr  disks  using  a  Perkin- 
Elmer  Model  1330  spectrophotometer.  fH-NMR  spectra  were  determined  in  d6-acetone 

solutions  (unless  otherwise  stated)  using  an  IBM  NR-80  instrument;  13C-NMR  spectra 
were  recorded  on  the  same  instrument  operating  at  20  Hz  or  on  a  Nicolet  NT-200 
instrument  operating  at  50  Hz.  Mass  spectra  were  determined  using  a  Perkin-Elmer 
5985  gas  chromatograph/mass  spectrometer  (GC/MS).  WARNING:  Many  of  the 
compounds  described  in  this  report  are  explosives  which  may  be  subject 
to  accidental  initiation  by  such  stimuli  as  friction,  heat  and  impact. 
Therefore,  appropriate  precautions  should  be  taken  in  their  handling 
and/or  use. 


2- AM  I N  0-4,6- DINITRO  DIPHENYL  AMINE  (1) 

2,4,6-Trinitrodiphenylamine  (8.00  g,  26.3  mmol;  prepared  by  condensation  of 
aniline  with  picryl  chloride  (Reference  12))  was  dissolved  in  glacial  acetic  acid 
(400  mL),  and  was  stirred  mechanically  at  ambient  temperature  under  an  atmosphere 
of  dry  nitrogen.  Iron  powder  (100  mesh,  4  x  1.20  g,  85.7  mmol)  was  added  at  30  min 
intervals  (References  1  and  13).  The  reaction  was  allowed  to  continue  at  ambient 
temperature;  after  a  total  reaction  time  of  3  h,  the  mixture  was  filtered,  and  the 
filtrate  was  quenched  in  ice/water.  Filtration  gave  1  as  a  brick-red  solid  (6.3  g, 
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70%),  recrystallized  from  ethanol  as  red  plates,  mp  160  to  161°C.  IR:  3490,  3390, 
3350,  1590,  1550,  1530,  1500,  1350,  1330,  1300,  1270,  770,  760,  750,  700 
cm1;  1  H-NMR:  5  8.11  (d,  J  =  2.62  Hz,  1H,  H5),  8.06  (br  s,  1  H,  NH),  7.92  (d,  J  = 
2.62  Hz,  1  H,  H3),  7.60  to  6.60  (m,  5  H,  C6H5),  5.36  (br  s,  2  H,  NH2). 


1-(2',4’,6'-TRINITROPHENYL)BENZlMIDAZOLE  (9) 

o-Phenylenediamine  (1.50  g ,  13.9  mmol)  and  picryl  chloride  (2.50  g, 
10.1  mmol)  were  dissolved  in  methanol  (50  mL)  and  stirred  at  ambient  temperature 
overnight.  The  solution  turned  dark,  and  a  mixture  of  red  and  yellow  crystals  were 
precipitated.  The  crystals  were  filtered  off  and  thoroughly  washed  with  water  (50  mL) 
to  give  a  uniform  brick-red  solid,  identified  as  the  required  N-picryl-o-phenylene- 
diamine  (2.85  g,  89%),  which  was  recrystallized  from  xylene  as  red  needles,  mp 
1 81  °C.  IR:  3430,  3360,  3280,  3110,  1630,  1590,  1560,  1530,  1510,  1360, 
1340,  1320,  1300,  1180,  760,  740,  730  cm'1 ;  1  H-NMR:  5  9.01  (s,  2  H),  7.20  to 
6.40  (m,  4  H),  3.05  (br  s,  3  H,  NH’s).  A/-Picryl-o-phenylenediamine  (1.40  g,  4.4 
mmol)  was  warmed  in  trimethylorthoformate  (20  mL)  for  1  h.  Evaporation  to  dryness 
and  recrystallization  from  chloroform  gave  a  yellow  powder  (0.95  g,  66%),  identified 
as  9,  mp  211  to  213°C.  IR:  1610,  1560,  1500,  1350,  1340,  1300,  1240,  1150, 
920,  780,  760  cm'1;  1  H-NMR:  8  9.39  (s,  2H),  8.35  (s,  1  H),  7.91  to  7.68  (m, 
1  H),  7.54  to  7.08  (m,  3  H);  m/z:  329  (parent  ion),  255,  225,  213,  191,  164. 


1  -PH  ENYL-5.7-DINITRO BENZIMIDAZOLE  (11a) 

Pathway  A.  2-Amino-4,6-dinitro-diphenyiamine  (1)  (1.00  g,  3.7  mmol)  was 
dissolved  in  trimethylorthoformate  (10  mL).  Ninety-six  percent  sulfuric  acid 
(1  drop)  was  added,  and  the  solution  was  heated  under  reflux  for  2  h.  A  grey-tan  solid 
precipitated,  which  was  filtered  off  and  recrystallized  from  ethanol  as  pale  yellow 
platelets  (0.88  g,  85%),  identified  as  11a,  mp  218°C. 

Pathway  B.  2-Amino-4,6-dinitrodiphenylamine  (1)  (1.64g,  6.0  mmol)  was 
dissolved  in  97%  formic  acid  (10  mL)  and  heated  under  reflux  for  1  h.  The  reaction 
mixture  was  quenched  on  ice/water  (300  mL),  filtered,  and  recrystallized  from  ethanol 
as  pale  yellow  platelets  (1.54  g,  91%)  identified  as  11a,  mp  218°C.  IR:  3120, 
3040.  1620,  1600,  1590,  1530,  1500,  1465,  1350,  1340,  1290,  1230,  1220, 
1190,  950,  930,  810,  740,  700  cm'1;  1  H-NMR:  5  9.87  (d,  J  =  2.10  Hz,  1  H,  H6), 

8.83  (d,  H  =  2.10  Hz,  1  H,  H4),  8.68  (s,  1  H,  H2),  7.58  (s,  5  H,  C6H5);  m/z:  284 

(parent  ion  and  base  peak),  267,  239,  221,  192,  164,  77,  51. 


1-PHENYL-2-M  ETHYL-5, 7-DIN  ITRO  BENZIMIDAZOLE  (11b) 

2-Amino-4,6-dinitrodipheny!amine  (1)  (1.00  g,  3.7  mmol)  was  dissolved  in 
glacial  acetic  acid  (7  mL)  and  acetic  anhydride  (5  mL),  and  the  reaction  mixture  was 
heated  under  reflux  overnight.  The  reaction  mixture  was  cooled  and  quenched  on 
ice/water  (400  mL)  to  give  a  grey  solid  (1.08  g,  99%)  identified  as  11b  and 
recrystallized  from  ethanol  as  off-white  needles  (0.80  g,  74%),  mp  189°C.  IR:  3100, 
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3040,  1630,  1600,  1530,  1500,  1470,  1390,  1370,  1350,  1300,  1220,  820, 
760,  710  cm'1 ;  1  H-NMR:  5  8.78  (d,  J  =  2.10  Hz,  1  H,  H6),  8.67  (d,  J  =  2.10  Hz, 
1  H,  H4),  7.59  (m,  5  H,  C6H5),  2.48  (s,  3  H,  CH3);  m/z:  298  (parent  ion  and  base 
peak),  281,  253,  222,  235,  205,  164,  77,  51. 


2-(TRIFLUOROACETAMIDO)-4,6-DINITRODIPHENYL AMINE  (10c) 

2-Amino-4,6-diphenylamine  (1)  (0.50  g,  1.8  mmol)  was  added  to  trifluoro- 
acetic  anhydride  (5  mL),  and  the  mixture  was  stirred  under  reflux  for  3  h.  The  amine 
disappeared,  and  an  orange  solid  precipitated.  Work  up  by  quenching  in  water,  or  by 
evaporation  of  the  solvent,  gave  a  quantitative  yield  (0.675  g)  of  10c  as  an  orange 
powder  recrystallized  from  dichloromethane/hexane  as  orange  crystals,  mp  142°C.  IR: 
3350,  1760,  1620,  1600,  1550,  1530,  1500,  1460,  1340,  1280,  1250,  1200, 
1180,  1150,  1090,  940,  920,  900,  825,  760,  740,  730,  700  cm'1;1H-NMR:  6 
9.75  (br  S,  1  H,  NH),  9.32  (br  s,  1  H,  NH),  8.92  (d,  J  =  2.71  Hz,  1  H,  H5),  8.61 
(d,  J  =  2.71  Hz,  1  H,  H3),  7.00  to  7.50  (m,  5  H,  C6H5);  m/z:  370  (parent  ion  and 
base  peak),  301,  181,  179,  154,  77,  69,  51. 


1  -PH ENYL-2-TRIFLUO ROM ETHYL-5, 7-DIN  ITRO BENZIMIDAZOLE  (11c) 

2-(Trifluoroacetamido)-4,6-dinitrodiphenylamine  (10c)  (0.73  g,  2.0 
mmol)  was  dissolved  in  96%  sulfuric  acid  (25  mL)  and  stirred  at  ambient  temperature 
overnight.  Quenching  on  ice/water  (200  mL)  gave  11c  as  an  off-white  solid  (0.53  g, 
67%),  which  was  recrystallized  from  ethanol  as  off-white  needles,  mp  114°C.  IR: 
1600,  1550,  1530,  1500,  1400,  1350,  1260,  1220,  1200,  1170,  1150,  820, 
760,  740,  730,  700  cm'1;  1  H-NMR:  5  9.12  (d,  J  =  2.08  Hz,  1  H,  H6),  8.89  (d,  J  = 
2.08  Hz,  1  H,  H4),  7.66  (s,  5  H,  C6H5);  m/z:  352  (parent  ion  and  base  peak),  335, 
307,  261,  165,  164,  138,  77,  69,  51. 


NITRATION  JF  1  -(2,,4'I6’-TRINITROPHENYL)BENZIMIDAZOLE  (9) 

1 -(2',4',6,-Trinitrophenyl)benzimidazole  (9)  (2.50  g,  7.6  mmol)  was 
dissolved  in  a  mixture  of  96%  sulfuric  acid  (20  mL)  and  100%  nitric  acid  (20  mL), 
and  heated  under  reflux  overnight.  The  reaction  mixture  was  quenched  in  ice/water 
(200  mL)  to  give  a  white  solid  (2.60  g,  82%).  The  crude  reaction  product  was 
identified  by  IR  and  NMR  as  1-(2',4',6'-trinitrophenyl)-5,6-dinitrobenzimidazole 
(14a)  ( vide  infra),  but  attempted  recrystallization  from  ethanol  resulted  in  hydrolysis 
to  2-(2',4',6,-trinitrophenylamino)-4,5-dinitroaniline  (15)  as  an  electrostatically 
charged  yellow  solid  (1.28  g,  39%),  mp  275°C  (dec).  IR:  3490,  3380,  3250, 
1650,  1640,  1600,  1350,  1320,  1300,  1260  cm'1;1  H-NMR:  5  9.09  (s,  2  H, 
H3.5),  8.00  (S,  1  H,  H2),  7.26  (s,  1  H,  H6). 
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1  -(2\4\ 6’-TRI N ITRO PH ENYL)-5, 6-DIN ITRO BENZIMIDAZOLE  (14a) 

2-(2',4',6'-Trinitrophenylamino)-4,5-dinitroaniline  (15)  (0.75  g, 

1.8  mmol)  was  dissolved  in  trimethylorthoformate  (20  mL)  and  heated  under  reflux 
for  2  h.  Evaporation  to  dryness  gave  a  quantitative  yield  (0.77  g)  of  tan  solid,  identi¬ 
fied  as  14a  and  recrystallized  from  ethanol/acetone  as  pale  yellow  crystals  (0.52  g, 
68%),  mp  242  to  245°C  (dec).  ^-NMR  showed  that  the  product  was  contaminated 
with  a  small  amount  (less  than  5%)  of  the  amine  (15),  which  could  not  be  removed 
either  by  flash  chromatography  or  by  repeated  recrystallization.  IR:  3100,  1620, 
1550,  1500,  1380,  1350,  1310,  915,  730  cnr1 ;  1  H-NMR:  6  9.50  (s,  2  H,  H3'i5*), 
8.89  (S,  1  H,  H2).  8.64  (s,  1  H,  H7),  8.39  (S,  1  H,  H4);  m/z:  419  (parent  ion), 
345,  and  smaller  peaks. 


2-M  ETHYL-1 -(2\4\6’-T  RINITROPHENYL)-5, 6- 
DINITROBENZIMIDAZOLE  (14b) 

2-(2’,4',6'-Trinitrophenylamino)-4,5-dinitroaniline  (15)  (0.28  g, 

0.7  mmol)  was  added  to  glacial  acetic  acid  (3  mL)  and  acetic  anhydride  (4  mL)  and 
heated  under  reflux  for  3  h.  The  reaction  solution  was  cooled  and  quenched  in  ice/water 
(50  mL)  and  filtered  to  give  a  pale  tan  solid  (0.24  g,  81%)  identified  as  14b. 
Recrystallization  from  ethanol  gave  a  pale  yellow  solid  (0.12  g),  mp  269  to  273°C 
(dec)  IR:  3000,  1610,  1500,  1480,  1350,  1300,  1250,  1090,  920,  890,  850, 
830,  720  cm-1  ;  1  H-NMR:  9.54  (s,  2  H,  H3*,5'),  8.46  (s,  1  H,  H/),  8.22  (s,  1  H, 
H4),  2.61  (s,  3  H,  CH3);  m/z:  433  (parent  ion),  388,  and  smaller  peaks. 


4,6(5, 7)-DINITROBENZIMID AZOLE  (19a) 

3, 5-Dinitro- 1 ,2-diamino-benzene  (17)  (Reference  8)  (1.00  g,  5.0  mmol) 
was  dissolved  in  96%  formic  acid  (20  mL),  and  heated  under  reflux  for  3  h.  The 
solution  was  cooled  and  quenched  in  ice/water  (300  mL)  to  give  a  tan  solid  (0.92  g, 
88%),,  identified  as  19a.  Recrystallization  from  methanol  gave  fluffy  pale  tan  crystals 
(0.81  g),  mp  246°C.  IR:  3300,  3100,  3020,  1630,  1590,  1520,  1480,  1470, 
1340,  1290,  1090,  1080,  940,  810,  740,  620  cm'1;1H-NMR:  (a)  d6-acetone:  see 
Table  2;  (b)  d6-DMSO:  8  8.95  (d,  J  =  2.03  Hz,  1  H,  H5),  8.82  (d,  J  =  2.03  Hz,  1  H, 
H7),  8.74  (s,  1  H,  H2);  m/z:  208  (parent  ion  and  base  peak),  178,  162,  132,  116, 
115,  89,  62. 


2-M  ETHYL-4, 6(5, 7)-DINITRO  BENZIMIDAZOLE  (19  b) 

3,5-Dinitro- 1 ,2-diaminobenzene  (17)  (Reference  8)  (I.OOg,  5.0  mmol) 
was  suspended  in  glacial  acetic  acid  (10  mL)  and  acetic  anhydride  (10  mL)  and  heated 
under  reflux  for  4  h.  The  solution  was  cooled  and  quenched  in  ice/water  (120  mL)  to 
give  an  off-white  solid  (0.95  g,  85%)  identified  as  19b.  Recrystallization  from 
ethanol  gave  tan  needles  (0.81  g),  mp  248  to  252°C  (dec).  IR:  3360,  3100,  3040, 
1680,  1590,  1530,  1470,  1390,  1350,  1300,  1190,  940,  820,  740,  640  cm’1; 
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1 H-NMR:  (a)  d6-acetone:  see  Table  2;  (b)  d6-DMSO:  8.74  (s,  2  H,  H57),  2.64  (s, 
3  H,  CH3);  m/z:  222  (parent  ion  and  base  peak),  176,  130,  129. 


2-TRIFLUOROMETHYL-4,6(5,7)-DINITRO BENZIMIDAZOLE  (19c) 

3,5-Dinitro- 1 ,2-diaminobenzene  (17)  (Reference  8)  (I.OOg,  5.0  mmol) 
was  suspended  in  trifluoroacetic  anhydride  (15  mL)  and  stirred  at  ambient  tempera¬ 
ture  for  3  h  with  the  formation  of  a  yellow  solid.  Evaporation  to  dryness  gave  a  yellow 
solid  (1.05  g,  71%),  which  was  recrystallized  from  ethanol  to  give  2-trifluoro- 
acetamido-3,5-dinitroaniline  (0.75  g)  as  yellow  crystals,  mp  166  to  169°C.  1R: 
3460,  3340,  3260,  1740,  1630,  1590,  1540,  1520,  1340,  1280,  1250.  1210, 
1160,  900,  740,  550  cm-1;1  H-NMR:  5  8.97  (d,  J  =  2.68  Hz,  1  H,  H4),  8.42  (d,  J 
=  2.68  Hz,  1  H,  H6);  m/z:  294  (parent  ion),  276,  225  (base  peak),  179,  133,  78, 
69.  The  amide  (0.45  g,  1.5  mmol)  was  dissolved  in  96%  formic  acid  (15  mL)  and 
heated  under  reflux  for  4  h.  The  solution  was  quenched  in  ice/water  (50  mL)  and 
extracted  with  dichloromethane  (4x100mL)  to  give  an  off-white  solid  (0.41  g; 
97%)  identified  as  19c,  which  was  recrystallized  from  benzene  as  white  needles,  mp 
154  to  1 56°C.  IR:  3300,  1600,  1570,  1550,  1480,  1360,  1350,  1310,  1250, 
1200,  1190,  1160,  1130,  1070,  900,  810,  750,  730,  690  cm'1 ;  1  H-NMR:  6  9.11 
(s);  m/z:  276  (parent  ion  and  base  peak),  257,  246,  230,  200,  183,  183,  113,  69, 
62. 


1  -  METH YL-4,6- DIN ITRO BENZIMIDAZOLE  (20a) 

4,6(5,7)-Dinitrobenzimidazole  (19a)  (0.40  g,  1.9  mmol)  was  added  to  a 
suspension  of  sodium  hydride  (0.16  g,  6.7  mmol)  in  dry  dioxane  (40  mL)  and  stirred 
at  ambient  temperature  for  30  min.  Methyl  iodide  (8  mL)  was  added,  and  the  solution 
was  heated  under  reflux  overnight.  Evaporation  to  dryness  left  a  residue  (0.50  g), 
which  was  recrystallized  from  methanol  to  yield  20a  as  tan  needles  (0.22  g,  52%), 
mp  195  to  1 97°C.  IR:  3100,  1590,  1530,  1380,  1340,  1270,  1070,  930,  800, 
750,  690,  620  cm*1;  1  H-NMR:  see  Table  2;  m/z:  222  (parent  ion  and  base  peak), 
192,  146,  130,  129,  118,  91,  88,  76,  62. 


1 ,2-DIM  ETHYL-4 ,6-DINITROBENZIMID  AZOLE  (20b) 

2-Methyl-4,6(5,7)-dinitrobenzimidazole  (19b)  (0.40  g,  1  8  mmol)  was 
added  to  a  suspension  of  sodium  hydride  (0.20  g,  8.7  mmol)  in  dry  dioxane  (40  mL) 
and  stirred  at  ambient  temperature  for  30  min.  Methyl  iodide  (10  mL)  was  added,  and 
the  solution  was  gently  warmed  to  reflux  for  3  h.  Evaporation  to  dryness  and  extraction 
with  dichloromethane  gave  a  residue,  shown  by  NMR  to  be  a  mixture  (ca.  1:1)  of  product 
and  starting  material.  Flash  chromatography  (ethyl  acetate/silica)  yielded  starting 
material  (19b,  0.20  g)  and  the  desired  product  (20b,  0.18  g,  42%),  recrystallized 
from  methanol  as  a  fluffy  white  solid  (0.12  g),  mp  217  to  220°C.  IR:  3100,  1590, 
1520,  1450,  1370,  1360,  1350,  1250,  1070,  930,  890,  830,  740,  730,  720 
cm*1; 1  H-NMR:  d6-acetone:  see  Table  2;  d6-DMSO:  8  8.93  (d,  J  =  2.10  Hz,  1  H,  H5), 
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8.72  (d,  J  =  2.10  Hz,  1  H,  H7),  3.93  (s,  3  H,  N-CH3),  2.69  (s,  3  H,  C-CH3);  m/z: 
236  (parent  ion  and  base  peak),  206,  144,  143,  117,  91,  69,  57,  55,  43. 


1-(2',4,,6'-TRINITROPHENYL)-4,6-DIN!TROBENZIMIDAZOLE  (21a) 

Pathway  A.  4,6(5,7)-Dinitrobenzimidazole  (19a)  (0.40  g,  1.9  mmol)  and 

1 -fluoro-2, 4, 6-trinitrobenzene  (Reference  14)  (0.80  g,  3.5  mmol)  were  dissolved 
in  dimethylformamide  (12  mL),  and  the  solution  was  stirred  at  ambient  temperature 
for  36  h.  The  reaction  solution  was  quenched  in  water  (160  mL)  and  then  filtered  to 
yield  a  yellow  solid  (0.76  g, 94%)  identified  as  21a.  Recrystallization  from  acetone 
gave  a  pale  yellow  electrostatically  charged  solid,  mp  330°C  (dec). 

Pathway  B.  4,6(5,7)-Dinitrobenzimidazole  (19a)  (0.10  g,  0.5  mmol)  and 

1 -fluoro-2, 4, 6-trinitrobenzene  (Reference  14)  (0.20  g,  0.8  mmol)  were  dissolved 
in  DMSO  (2  mL),  and  triethylamine  (10  drops)  was  added.  The  solution  immediately 
turned  dark.  The  reaction  solution  was  stirred  at  ambient  temperature  for  2  h  and  then 
quenched  in  water  (25  mL).  Filtration  gave  a  red-brown  solid,  which  was  recrystal¬ 
lized  from  acetone/ethanol  to  give  21a  as  a  pale  tan  solid  (0.10  g,  50%). 

Pathway  C.  4,6(5,7)-Dinitrobenzimidazole  (19a)  (0.10  g,  0.5  mmoi)  was 

added  to  a  suspension  of  sodium  hydride  (0.04  g,  1.7  mmol)  in  dry  dioxane  (3  mL) 
and  stirred  at  ambient  temperature  for  30  min.  1 -Fluoro-2, 4, 6-trinitrobenzene 

(0.20  g,  0.8  mmol)  was  added,  and  the  solution  was  warmed  to  50°C  for  8  h.  Evapo¬ 
ration  to  dryness  and  recrystallization  from  acetone  gave  21a  as  a  pale  yellow  solid 
(0.05  g,  25%).  IR:  3100,  1610,  1550,  1490,  1370,  1340,  *300,  1250,  940, 
810,  720  cm*1;1H-NMR:  see  Table  2;  m/z:  419  (parent  ion),  345,  315,  303,  269, 
208,  104,  88,  74  (base  peak),  62. 


2-METHYL-1-(2\4\6'-TRINfTROPHENYL)-4>6- 
DINITROBENZIMIDAZOLE  (21b) 

2-Methy!-4,6(5,7)-dinitrobenzimidazole  (19b)  (0.40  g,  1 .8  mmol)  and 
1 -fluoro-2, 4, 6-trinitrobenzene  (Reference  14)  (0.80  g,  3.5  mmol)  were  dissolved 
in  dimethylformamide  (5  mL)  and  stirred  at  ambient  temperature  for  24  h.  The 
reaction  solution  was  quenched  in  ice/water  and  filtered  to  give  a  tan  solid  (0.91  g, 
wet).  Recrystallization  from  acetone/ethanol  gave  21  b  (0.63  g;  81%)  as  a  mixture  of 
orange-brown  triangular  platelets  and  cream-yellow  rods,  mp  290°C  (dec).  All  spec¬ 
troscopic  evidence  indicated  that  the  two  crystalline  forms  were  composed  of  the  same 
molecular  species.  IR:  3100,  3000,  1610,  1540,  1490,  1440,  1350,  1330,  1310, 
1250,  1080,  940,  900,  830,  760,  740,  720,  680  cm*1;  1 H-NMR:  see  Table  2;  m/z: 
433  (parent  ion),  391,  340,  269,  222,  88,  74,  62,  43  (base  peak). 
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SINGLE  CRYSTAL  X-RAY  STRUCTURE  OF  TWO  CRYSTALLINE 
FORMS  OF  2-METHYL-1-(2\4\6,-TRINITROPHENYL)-4,6- 
01 NITPO BENZIMIDAZOLE  (22b) 

Unit  cell  and  other  crystallographic  data  are  listed  in  Table  7.  A  flaw-free, 
orange-brown  colored,  triangular  shaped  tabular  platelet  of  form  I  with  dimensions 
0.28  x  0.30  x  0.11  mm  was  selected  for  data  collection.  A  flaw-free,  cream-yellow 
colored  six-sided  rod  of  form  II  with  dimensions  0.10  x  0.20  x  0.42  mm  was 
selected  for  data  collection.  Unit  cell  dimensions  were  obtained  by  a  constrained  least- 
squares  fit  of  25  (form  I)  or  24  (form  II)  computer-centered  reflections  on  a  Nicolet 
R3  with  monochromated  Mo  Ka  radiation.  Intensity  data  for  both  forms  were  collected  in 
a  similar  manner,  using  20/0  scans  on  a  Nicolet  R3  with  monochromated  Mo  Ka.  Data 
collection  parameters  were  as  follows:  variable  scan  speed  of  2  to  6deg/min;  scan  range 
of  1  deg  <  to  1  deg  >  Ka2;  20  range  of  4  to  50  deg  (to  46  deg  for  form  II);  h/14  to 
14/,  k/0  to  12/,  1/-20  to  20/  for  form  I;  h/-13  to  13  (partial  +  hkH  octant)/,  k/0 
to  13/,  JL/-15  to  15/  for  form  II;  3  check  reflections  every  93  reflections;  check 
reflections  (020),  (016),  (533)  for  form  I;  check  reflections  (600),  (023),  (431) 
for  form  II.  The  check  reflections  for  form  I  exhibited  a  slight  (<  5%)  increase  with 
time.  Systematic  absences  observed  in  the  diffractometer  data  of  hOL,  i  =  2n  +  1, 
0  01,1  =  2n  +  1,  OkO,  k  =  2n  +  1,  for  form  I  and  hOH ,  h  =  2n  +  1 ,  hOO, 
h  =  2n  +  1,  OkO,  k  =  2n  +  1  for  form  II  uniquely  defined  the  space  groups  as 
P2-|/c  for  form  I  and  P2i/a  for  form  II.  The  intensity  data  were  corrected  for  Lorentz 
and  polarization  effects  but  not  for  absorption. 

TABLE  7.  Crystallographic  Data  for  21b,  Form  I  and  Form  II, 
Ci4H7N7O10.  M  -  433.25. 


Form  1 

Form  II 

Monoclinic  P2i/c 

Monoclinic  P2i/a 

a  =  11.261(2) 

a  =  10.963(2) 

b  =  9.770(2) 

b  =  11.797(3) 

C  =  16.420(3)  A 

c  =  13.238(3)  A 

p  =  106.04(2)  deg 

P  =  100.80(2)  deg 

V  =  1736.3(6)  A3 

V  =  1681.7(6)  A3 

Z  =  4 

z  =  4 

Dx  =  1.658  g/cm3 

Dx  =  1.712  g/cm3 

X  (Mo  Ka)  =  0.71069  A 

X  (Mo  Ka)  =  0.71069  A 

p  =  1.35  cm'1 

p  =  1.35  cm'1 

F(000)  =  800 

F(000)  =  800 

T  *  291  K 

T  -  291  K 

R  =  0.060 

R  =  0.059 

For  2241  reflections 

For  1838  reflections 

with  |F0|  >  4o(F) 

with  |Fol  >  3o(F) 

Phasing  for  both  structures  was  obtained  with  the  multi-solution  direct  methods 
of  SHELXTL  (Reference  15).  After  the  initial  least-squares  refinement,  the  hydrogen 
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atoms  were  observed  on  difference  Fourier  maps.  Subsequently  the  hydrogen  atoms  were 
included  in  both  refinements  with  unconstrained  thermal  parameters,  but  geometrically 
constrained  to  be  "riding"  on  their  adjacent  carbon  atoms  with  fixed  bond  lengths  of  0.96 
A.  Refinement  was  by  minimization  of  the  function  [iw^F0|-k|Fc|)2]  using  SHELXTL's 
blocked-cascade  least-squares  algorithm  with  w  =  1/[cr2(F)  +  gF2]  (g  =  0.00045  for 
form  I,  g  =  0.0006  for  form  II).  Refinement  of  both  structures  included  anisotropic 
nitrogen,  oxygen  atoms  and  isotropic  carboon,  hydrogen  atoms  (except  for  C(7),  C(8), 
and  C(12)  of  form  I  which  were  refined  anisotropically).  Maximum  shift  to  estimated 
standard  deviation  (esd)  ratios  were  less  than  0.04  during  the  last  cycles.  The  final 
difference  Fourier  maps  had  peaks  and  troughs  of  +0.32  to  -0.33  evA3  for  form  I  and 
+0.48  to  -0.33  e'/A3  for  form  II.  The  oxygen  atoms  and  the  hydrogen  atoms  of  the 
methyl  group  in  form  II  have  relatively  large  thermal  parameters.  Final  atomic 
coordinates  and  thermal  parameters  for  form  I  and  form  II  are  listed  in  Tables  8  and  9 
respectively.  Other  crystallographic  data  are  to  be  found  in  Tables  10  through  13. 
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TABLE  8.  Atom  Coordinates,  x  104,  and  Thermal  Parameters, 
A2  x  1 03,  for  21b,  Form  I. 


X 

y 

z 

2789(3) 

5481  (3) 

5916(2) 

29(1) 

3230(3) 

5169(3) 

5220(2) 

32(1) 

C(3) 

341 2(3) 

3791(3) 

5066(2) 

36(1) 

C(4) 

31 89(3) 

2804(3) 

5609(2) 

37(1) 

C(5) 

2740(3) 

3186(3) 

6277(2) 

36(1) 

C  (6) 

2522(3) 

4519(3) 

6465(2) 

34(1) 

C(7) 

3060(3) 

7355(3) 

5227(2) 

37(1 ) a 

C(8) 

3119(4) 

8845(3) 

5038(3) 

59(2) a 

C(9) 

2069(3) 

7659(3) 

6408(2) 

29(1) 

C(10) 

2642(3) 

7934(3) 

7251 (2) 

30(1) 

C(11) 

2090(3) 

8665(3) 

7769(2) 

35(1) 

C(1  2) 

934(3) 

9193(3) 

7394(2) 

38(1  )a 

C(1  3) 

308(3) 

8943(3) 

6554(2) 

40(1) 

C(1  4) 

875(3) 

8157(3) 

6088(2) 

36(1) 

N  ( 1  ) 

2691(2) 

6902(2) 

5908(2) 

31  (1  )a 

N  ( 2 ) 

3400(3) 

6360(3) 

4806(2) 

39(1  )a 

N(3) 

2462(3) 

2099(3) 

6807(2) 

45(1  )a 

N  (4) 

3803(3) 

3335(3) 

4336(2) 

49(1  )a 

N(5) 

3920(3) 

7461(3) 

7622(2) 

45(1  )a 

N(6) 

358(3) 

101  19(3) 

7876(2) 

50(1 ) a 

N  ( 7) 

149(3) 

7868(3) 

51 97(2) 

50(1  )a 

0(1) 

1 875(3) 

2402(3) 

7305(2) 

70(1  )a 

0(2) 

2802(3) 

940(2) 

6716(2) 

57(1  )a 

0(3) 

3898(3) 

2100(3) 

4237(2) 

81  (1  )a 

0(4) 

4038(2) 

4196(3) 

3860(2) 

57(1  )a 

0(5) 

4081 (3) 

6661(3) 

8212(2) 

81  (1  )a 

0(6) 

4699(2) 

791 8(4) 

7332(2) 

<b 

CM 

00 

0(7) 

892(3) 

1  0302(3) 

8626(2) 

78(1  )a 

0(8) 

-607(3) 

1 0679(3) 

7496(2) 

67(1)a 

0(9) 

-663(3) 

8668(3) 

4871  (2) 

79(1 ) a 

0(10) 

383(3) 

6841(4) 

4870(2) 

1  02(2)a 

a  Equivalent  isotropic  U  defined  as  one-third  of  the  trace  of  the 
orthogonalized  Ujj  tensor. 
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TABLE  9.  Atom  Coordinates,  x  1 04,  and  Thermal  Parameters, 
A2  x  1 03,  for  21b,  Form  II. 


Atom 

X 

y 

z 

C(1) 

1124(3) 

7893(3) 

2101(3) 

36(1) 

C(2) 

437(3) 

6929(3) 

2263(3) 

36(1) 

C  ( 3 ) 

621(3) 

5952(3) 

1 702(3) 

39(1) 

C(4) 

1  406(3) 

5979(3) 

1 004(3) 

43(1) 

C  ( 5 ) 

2020(3) 

6971(3) 

865(3) 

42(1) 

C{6) 

1  91 3(3) 

7955(3) 

1 403(3) 

45(1) 

C(7) 

-122(3) 

821 8(3) 

3212(3) 

37(1) 

C{8) 

-754(4) 

8855(3) 

3933(3) 

49(1) 

C(9) 

1302(3) 

9801 (3) 

2925(3) 

35(1) 

C(10) 

2335(3) 

9983(3) 

3712(3) 

39(1) 

C(11) 

2911  (4) 

1  1025(3) 

3854(3) 

45(1) 

(Cl  2) 

2425(3) 

1  1900(3) 

3227(3) 

41(1) 

C(13) 

1391  (3) 

1 1 796(3) 

2483(3) 

41(1) 

C(14) 

852(3) 

10735(3) 

2337(3) 

37(1) 

N  ( 1 ) 

752(3) 

8712(2) 

2731  (2) 

39(1  )a 

N(2) 

-328(3) 

7155(2) 

2950(2) 

40(1 ) a 

N(3) 

2807(3) 

6991(4) 

82(3) 

55(1  )a 

N(4) 

-15(3) 

4896(3) 

1826(3) 

54(1  )a 

N(5) 

2869(3) 

9062(3) 

4416(2) 

53(1 ) a 

N(6) 

3069(3) 

13001(3) 

3344(3) 

57(1)a 

N  (7) 

-229(3) 

10649(3) 

1496(3) 

57(1)a 

0(1) 

3495(3) 

7799(3) 

69(3) 

80(1  )a 

0(2) 

2725(3) 

6193(3) 

-516(2) 

71  (1  )a 

0(3) 

121  (3) 

4097(2) 

1291  (2) 

65(1  )a 

0(4) 

-690(5) 

4865(3) 

2430(4) 

1  45(3)a 

0(5) 

2318(3) 

8194(2) 

4443(3) 

72(1 ) a 

0(6) 

3887(4) 

9238(3) 

4926(3) 

1 1 4(2) a 

0(7) 

4129(3) 

13028(3) 

3804(3) 

77(1)a 

0(8) 

2506(4) 

1 3824(3) 

2963(3) 

1  01 (2)a 

0(9) 

-827(4) 

1  1467(3) 

1257(3) 

1  03(2)a 

0(10) 

9774(3) 

1064(4) 

1 49(2)a 

a  Equivalent  isotropic  U  defined  as  one-third  of  the  trace  of  the 
orthogonalized  Ujj  tensor. 
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TABLE  10.  Anisotropic  Thermal  Parameters,  A2  x  103,  for  21b,  Form  I. 


Un 

U22 

U33 

U23 

U13 

U12 

C  (7) 

51(2) 

28(2) 

35(2) 

4(1) 

16(2) 

1(1) 

C{8) 

98(3) 

30(2) 

61(3) 

11(2) 

43(2) 

10(2) 

C  ( 1  2) 

50(2) 

29(2) 

46(2) 

1(1) 

30(2) 

2(1) 

N  ( 1 ) 

40(1) 

27(1) 

27(1) 

1(1) 

12(1) 

2(1) 

N  ( 2) 

60(2) 

29(1) 

33(1) 

3(1  ) 

21(1) 

4(1  ) 

N(3) 

52(2) 

40(2) 

43(2) 

7(1) 

12(1) 

-9(1  ) 

N  ( 4 ) 

68(2) 

38(2) 

44(2) 

-4(1  ) 

22(2) 

6(1  ) 

N(5) 

42(2) 

55(2) 

35(1) 

-7(1) 

6(1) 

7(D 

N  ( 6) 

63(2) 

39(2) 

59(2) 

1(1) 

39(2) 

5(1  ) 

N  ( 7) 

44(2) 

57(2) 

42(2) 

-5(1  ) 

1(1) 

-2(1  ) 

0(1) 

93(2) 

55(2) 

75(2) 

14(1) 

47(2) 

-5(2) 

0(2) 

73(2) 

30(1) 

68(2) 

13(1) 

20(1) 

-4(1  ) 

0(3) 

1 40(3) 

35(1) 

89(2) 

-15(1  ) 

65(2) 

7(2) 

0(4) 

81(2) 

51(2) 

48(1) 

2(1  ) 

33(1) 

12(1) 

0(5) 

73(2) 

93(2) 

70(2) 

37(2) 

8(2) 

31(2) 

0(6) 

40(2) 

1 34(3) 

73(2) 

12(2) 

17(1) 

3(2) 

0(7) 

1 04(2) 

83(2) 

56(2) 

-11(2) 

40(2) 

29(2) 

0(8) 

61(2) 

64(2) 

86(2) 

1(2) 

37(2) 

25(2) 

0(9) 

69(2) 

72(2) 

69(2) 

2(2) 

-25(1) 

8(2) 

0(10) 

86(2) 

1 27(3) 

70(2) 

-J8(2) 

35(2) 

a  The  anisotropic  temperature  factor  exponent  takes  the  form: 


-2n2  (h2a*2lh  i  +  k2b*2U22  +  .  .  .  +  2  hka*b*Ui2). 


TABLE  11.  Hydrogen  Coordinates,  x  104,  and  Thermal 
Parameters,  A2  x  103,  for  21b  Form  I. 


Atom 

X 

y 

z 

Ujso^Uea 

H  ( 4 ) 

3345 

1857 

5522 

55(10) 

H(6) 

2212 

4764 

6934 

41(8) 

H(8a) 

2532 

9334 

5255 

1  57(23) 

H(8b) 

2927 

8975 

4436 

91(15) 

H(8c) 

3935 

91  83 

5302 

276(40) 

H  ( 1  1 ) 

2493 

8798 

8360 

57(10) 

_ H(13) 

-500 

9316 

6308 

54(10) 

ZZZZZZZOOOOOOOOOO 
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TABLE  12.  Anisotropic  Thermal  Parameters,  A2  x  1 03,  tor  21  b,  Form  II. 


Un 

U22 

U33 

U23 

U13 

U12 

N(1) 

45(2) 

29(2) 

45(2) 

-3(1  ) 

14(1) 

-5(1  ) 

N<2) 

45(2) 

31(2) 

45(2) 

-3(1  ) 

14(1) 

-4(1) 

N(3) 

45(2) 

79(3) 

43(2) 

6(2) 

14(2) 

10(2) 

N  (4) 

67(2) 

37(2) 

63(2) 

-9(2) 

25(2) 

-5(2) 

N(5) 

51(2) 

56(2) 

48(2) 

7(2) 

-2(2) 

2(2) 

N  (6) 

66(2) 

45(2) 

60(2) 

-9(2) 

12(2) 

-21(2) 

N  ( 7) 

63(2) 

41(2) 

59(2) 

5(2) 

-13(2) 

-9(2) 

0(1) 

70(2) 

101  (3) 

79(2) 

8(2) 

38(2) 

-18(2) 

0(2) 

74(2) 

95(2) 

52(2) 

-6(2) 

27(2) 

17(2) 

0(3) 

79(2) 

38(2) 

80(2) 

-19(2) 

17(2) 

KD 

0(4) 

229(5) 

71(2) 

1 86(4) 

-63(3) 

172(4) 

-77(3) 

0(5) 

66(2) 

53(2) 

92(2) 

30(2) 

2(2) 

-3(2) 

0(6) 

■T  • 

93(3) 

1  17(3) 

29(2) 

-54(2) 

-15(2) 

0(7) 

Spy:  « 

71(2) 

89(2) 

-9(2) 

6(2) 

-35(2) 

0(8) 

jjjptJ  £  '  c 

37(2) 

138(3) 

4(2) 

-16(3) 

-21(2) 

0(9) 

r  * 

71(2) 

12(2) 

-43(2) 

12(2) 

OQQ) 

62(2) 

155(4) 

-17(2) 

-1  08(4) 

—  4(3) 

a  The  anisotropic  temperature  factor  exponent  takes  the  form: 
-2tc2  (h2a*2Un  +  k2b*2U22  +  .  .  .  +  2  hka*b*Ui2). 


TABLE  13.  Hydrogen  Coordinates,  x  104,  and  Thermal 
Parameters,  A2  x  103,  for  21b  Form  II. 


Atom 

X 

y 

z 

Uiso/Ueo 

H  (4) 

1525 

5314 

616 

66(12) 

H  ( 6 ) 

2357 

8634 

1300 

49(10) 

H(8a) 

-294 

8775 

4621 

1  22(19) 

H(8b) 

-1577 

8558 

3897 

1  1  8(18) 

H(8c) 

-803 

9642 

3745 

1  52(23) 

H  ( 1  1 ) 

3634 

11133 

4379 

73(13) 

H  (1  3) 

1049 

1  2434 

2075 

NWC  TP  7008 


REFERENCES 


1 .  Materials  Research  Laboratories.  Benzotriazoles  as  Energetic  Materials,  by  A. 
M.  Pitt  and  W.  S.  Wilson,  Maribyrnong,  Victoria,  Australia,  MRL,  July  1986. 
13  pp.  (MRL-R-1005,  publication  UNCLASSIFIED.) 

2.  M.  D.  Coburn.  "Nitro  Derivatives  of  1-Picrylbenzotriazole,”  J.  Heterocyclic 
Chem.,  10  (1973),  pp.  743-46. 

3 .  Naval  Surface  Weapons  Center.  Estimation  of  Normal  Densities  of  Explosives 

from  Empirical  Atomic  Volumes,  by  D.  A.  Cichra,  J.  R.  Holden  and  C.  R.  Dickinson. 
Silver  Spring,  Md.,  NSWC,  February  1980.  47  pp.  (NSWC-TR-79-273, 

publication  UNCLASSIFIED.) 

4.  L.  R.  Rothstein  and  R.  Petersen.  "Predicting  High  Explosive  Detonation  Velocities 
From  Their  Composition  and  Structure,"  Prop,  and  Explo.,  4  (1979),  pp.  56- 
60;  6  (1981),  pp.  91-3. 

5.  H.  N.  Mortlock  and  J.  Wilby.  "Rotter  Apparatus  for  the  Determination  of  Impact 
Sensitiveness,"  Explosivstoffe,  3  (1966),  pp.  49-55. 

6.  M.  J.  Kamlet  and  H.  G.  Adolph.  "The  Relationship  of  Impact  Sensitivity  with 
Structure  of  Organic  High  Explosives.  II.  Poly-nitroaromatic  Explosives,"  Prop, 
and  Explo.,  4  (1979),  30-4. 

7.  A.  Albert  and  E.  P.  Serjeant.  Ionization  Constants  of  Acids  and  Bases.  London, 
Methuen  &  Co  Ltd.,  1962. 

8.  J.  H.  Boyer  and  W.  Schoen.  "2,3-Dinitrosopyridines,"  J.  Amer.  Chem.  Soc.,  78 

(1956),  423-25. 

9.  J.  R.  Holden  and  C.  Dickinson.  "Factors  Affecting  the  Conformation  of  Aromatic 
Nitro  Groups,"  J.  Phys.  Chem.,  81  (1977),  1505-14. 

10.  P.  N.  Neuman.  "Nitro  Derivatives  of  Phenyl-1, 2, 3-triazole."  J.  Heterocyclic 
Chem.,  8  (1971),  51-6. 

11.  C.  B.  Storm,  R.  R.  Ryan,  J.  P.  Ritchie,  J.  H.  Hall,  and  S.  M.  Bachrach.  "The 
Structural  Basis  of  the  Impact  Sensitivities  of  1  -Picryl-1 ,2,3-triazole, 
2-Picryl-1 ,2,3-triazole,  4-Nitro- 1  -picryl-1 ,2,3-triazole,  and  4-Nitro-2- 
picryl- 1,2, 3-triazole."  To  be  published  in  J.  Phys.  Chem. 

12.  T.  L.  Davis  and  A.  A.  Ashdown.  "Color  Tests  for  Nitro  Derivatives  of 
Diphenylamine,"  J.  Amer.  Chem.  Soc.,  46  (1924),  1051-54. 


31 


NWC  TP  7008 


13.  D.  S.  Wulfman  and  C.  F.  Cooper.  "Monoreduction  of  Dinitroarenes  with 
Iron/Acetic  Acid,"  Synthesis,  1978,  924-25. 

14.  G.  C.  Shaw  and  D.  L.  Seaton.  "The  Synthesis  of  Some  Fluorine-Containing 
Trinitrobenzenes,"  J.  Org.  Chem.,  26  (1961),  5227-28. 

15.  SHELXTL,  version  4.1,  Nicolet  XRD  (1984). 


32 


NWC  TP  7008 


« 


mm  DISTRIBUTION 


3  Naval  Air  Systems  Command 
AIR- 5004  (2) 

AIR-932G,  Thomas  (1) 

10  Chief  of  Naval  Research,  Arlington  (0CNR-432P,  Dr.  R.  S.  Miller) 

3  Naval  Sea  Systems  Command 

SEA-64E  (1) 

Technical  Library  (1) 

1  Commander  in  Chief,  U.  S.  Pacific  Fleet,  Pearl  Harbor  (Code  325) 

1  Headquarters,  U.  S.  Marine  Corps  (Code  RD-1,  A.  L.  Slafkosky) 

1  Commander,  Third  Fleet,  San  Francisco 

1  Commander,  Seventh  Fleet,  San  Francisco 

2  Naval  Academy,  Annapolis  (Director  of  Research) 

1  Naval  Explosive  Ordnance  Disposal  Technology  Center,  Indian  Head  (Code  D,  L.  Dickinson) 

2  Naval  Ordnance  Station,  Indian  Head 

Code  5253,  W.  G.  Roger  (1) 

Code  5253L,  J.  Moniz  (1) 

1  Naval  Postgraduate  School,  Monterey  (Code  012,  Dr.  J.  Wall) 

8  Naval  Research  Laboratory 
Code  2627  (6) 

Code  6030,  Dr.  R.  Gilardi  (1) 

Code  6120,  Dr.  W.  Moniz  (1) 

1  Naval  Surface  Warfare  Center,  Indian  Head  (Code  R16,  J.  Consaga) 

6  Naval  Surface  Warfare  Center,  White  Oak  Laboratory,  Silver  Spring 
Code  R10C,  L.  Roslund  (1) 

Code  R10D,  H.  G.  Adolph  (1) 

Code  Rll 

Dr.  C.  D.  Bedford  (1) 

C.  Gotzmer  (1) 

J.  M.  Short  (1) 

Code  R13,  C.  Dickinson  (1) 

1  Naval  War  College,  Newport 

1  Naval  Weapons  Station,  Yorktown  (Assistant  Director,  Naval  Explosives  Development 
Engineering  Department) 

1  Naval  Weapons  Support  Center,  Crane  (Code  5063,  Dr.  H.  Webster  III) 

1  Army  Armament  Research,  Development  and  Engineering  Center,  Picatinny  Arsenal 
(SMCAR-LCE-C,  Dr.  J.  Alster) 

1  Army  Ballistic  Missile  Defense  Advanced  Technology  Center,  Huntsville  (D.  C.  Sayles) 

4  Army  Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground 

DRXBR-IDB 
Director  (1) 

Dr  I.  W.  May  (1) 

DRXBR-TBD 

Dr.  P.  Howe  (1) 

J.  J.  Rocchio  (1) 

3  Army  Research  Office,  Research  Triangle  Park 

R.  Ghirardeli  (1) 

G.  R.  Husk  (1) 

Dr.  D.  Mann  (1) 

1  Air  Force  Academy,  Colorado  Springs  (FJSRL/NC,  J.  S.  Wilkes,  Jr.) 

1  Air  Force  Munitions  Systems  Division,  Eglin  Air  Force  Base  (AFATT./MNE,  Dr.  R.  McKenney) 
1  Air  Force  Intelligence  Agency,  Bolling  Air  Force  Base  (AFIA/INTAW,  Maj.  R.  Esaw) 


33 


NWC  TP  7008 


2  Air  Force  Office  of  Scientific  Research,  Bolling  Air  Force  Base 
Dr.  D.  L.  Ball  (1) 

Dr.  A.  J.  Matuszko  (1) 

1  Air  Force  Astronautics  Laboratory,  Edwards  Air  Force  Base  (AFAL/LKLR,  Dr.  F.  Roberto) 

12  Defense  Technical  Information  Center,  Alexandria 

2  Lawrence  Livermore  National  Laboratory,  Livermore,  CA 

Code  L-324,  R.  McGuire  (1) 

Dr.  C.  Coon  (1) 

4  Los  Alamos  National  Laboratory,  Los  Alamos,  NM 

Dr.  M.  D.  Cobum  (1) 

Dr.  R.  R.  Ryan  (1) 

Dr.  C.  Storm  (1) 

B.  Swanson  (1) 

7  Aerojet  General  Facility,  Sacramento,  CA 
Department  5400  (1) 

Dr.  R.  Lou  (1) 

C.  Manser  (1) 

Dr.  R.  Olsen  (1) 

Dr.  R.  Peters  (1) 

R.  Steele  (1) 

G.  Zimmerman  (1) 

1  Analy-Syn  Laboratories,  Incorporated,  Paoli,  PA  (Dr.  V.  Keenan) 

1  Atlantic  Research  Corporation,  Alexandria,  VA  (M.  King) 

5  Atlantic  Research  Corporation,  Gainesville,  VA 

M.  Barnes  (1) 

G.  T.  Bowman  (1) 

R.  E.  Shenton  (1) 

W.  Waesche  (1) 

B.  Wheatley  (1) 

1  California  State  University,  Sacramento,  CA  (Prof.  C.  Sue  Kim) 

1  Fluorochem,  Incorporated,  Azusa,  CA  (Dr.  K.  Baum) 

1  Hercules  Incorporated,  Allegany  Ballistics  Laboratory,  Rocket  Center,  WV 
(Dr.  K.  D.  Hartman) 

2  Hercules  Incorporated,  Magna,  UT 

G.  Butcher  (1) 

Dr.  R.  A.  Earl  (1) 

1  Hudson  Institute  Incorporated,  Center  for  Naval  Analyses,  Alexandria,  VA  (Technical  Library) 
1  Lehigh  University,  Bethelem,  PA  (L.  H.  Sperling) 

1  Lockheed  Missiles  and  Space  Company,  Incorporated,  Sunnyvale,  CA  via  NAVPRO  (C.  Havlik) 

2  Massachusetts  Institute  of  Technology,  Cambridge,  MA 

Dr.  R.  Armstrong  (1) 

Prof.  J.  Deutch  (1) 

1  Materials  Research  Laboratories,  Ascot  Vale,  Victoria,  Australia  (R.  J.  Spear) 

1  P.  A.  Miller,  San  Francisco,  CA 

2  Morton  Thiokol  Incorporated,  Elkton,  MD 

E.  Sutton  (1) 

Dr.  R.  L.  Wilier  (1) 

1  Morton  Thiokol  Incorporated,  Huntsville,  AL  (Dr.  W.  Graham) 

1  Morton  Thiokol  Incorporated,  Longhorn  Division,  Marshall,  TX  (Dr.  D.  Dillahay) 

2  Morton  Thiokol  Incorporated,  Shreveport,  LA 

L.  Estabrook  (1) 

Dr.  J.  West  (1) 

4  Morton  Thiokol  Incorporated,  Wasatch  Division,  Brigham  City,  UT,  via  AFPRO 
Dr.  T.  F.  Davidson  (1) 

D.  A.  Flanigan  (1) 

Dr.  J.  Hinshaw  (1) 

G.  Thompson  (1) 

1  North  Texas  State  University,  Denton,  TX  (Dr.  A.  Marchand) 

1  Polysciences,  Incorporated,  Warrington,  PA  (Dr.  B.  Halpem) 

1  Rockwell  International  Corporation,  Rocketdyne  Division,  Canoga  Park,  CA  (Dr.  M.  Frankel) 

1  SRI  International,  Menlo  Park,  CA  (Dr.  R.  Schmitt) 

1  Space  Sciences,  Incorporated,  Monrovia,  CA  (Dr.  M.  Farber) 

3  The  Johns  Hopkins  University,  Laurel,  MD 

Applied  Physics  Laboratory 
CPIA,  T.  Christian  (1) 

J.  J.  Kaufman  (1) 

E.  White  (1) 


34 


1  United  Technologies  Corporation,  San  Jose,  CA  (Dr.  R.  Valentine) 
1  University  of  Chicago,  Chicago,  IL  (Prof.  P.  E.  Eaton) 

1  University  of  Delaware,  Newark,  DE  (T.  B.  Brill) 

3  University  of  New  Orleans,  New  Orleans,  LA 

J.  H.  Boyer  (1) 

G.  W.  Griffin  (1) 

P.  Politzer  (1) 

2  Washington  State  University,  Pullman,  WA 

J.  T.  Dickinson  (1) 

M.  H.  Miles  (1) 


